It has been shown' that adrenal cortical hormones, as they exist in an aqueous commercial extract (A.C.E.), inhibit the intradermal spreading of India ink when the ink is injected with hyaluronidase or with saline. This inhibition was obtained when the extract was administered intraperitoneally or intradermally at the site of the ink injection. It has also been demonstrated that following adrenalectomy there is a marked enhancement of the spreading reaction. The effect of adrenalectomy is entirely counteracted by the intraperitoneal injection of adrenal cortical extract. In some respects these observations appear to be related to the well-established effects of the adrenal cortical steroids on salt and water metabolism and to the changes in capillary permeability observed by many investigators (cf. review of Chambers and Zweifach').
It has been shown' that adrenal cortical hormones, as they exist in an aqueous commercial extract (A.C.E.), inhibit the intradermal spreading of India ink when the ink is injected with hyaluronidase or with saline. This inhibition was obtained when the extract was administered intraperitoneally or intradermally at the site of the ink injection. It has also been demonstrated that following adrenalectomy there is a marked enhancement of the spreading reaction. The effect of adrenalectomy is entirely counteracted by the intraperitoneal injection of adrenal cortical extract. In some respects these observations appear to be related to the well-established effects of the adrenal cortical steroids on salt and water metabolism and to the changes in capillary permeability observed by many investigators (cf. review of Chambers and Zweifach').
Earlier studies on the A.C.E.-hyaluronidase relationship were made in mice of the inbred CBA strain. It was considered advisable, however, to extend these studies to a larger animal, the rabbit, and to investigate some of the experimental variables in this field. Although the results of the present study do not permit an interpretation of the mechanism of action of the adrenal hormones, they do confirm the earlier observations on mice and they establish a basis for experimental procedures in future studies in rabbits.
Materials and methods
All rabbits used were of the New Zealand White strain, males 5 to 6 months old, and weighed from 2 to 2.5 kg. Because of the delicate mechanisms involved in the induction of the adrenal reaction and since rabbits are unusually susceptible to stress, relatively tamed rabbits, in as quiet and resting a state as possible, were prepared for study. They were dry-shaved 24 hours before any testing, and on the day after shaving the flanks and abdominal areas were washed with soap and water. Comparable bilateral areas to be injected were marked with drops of From the Department of Bacteriology, Yale University. The data here given will form a portion of the material to be submitted by the author in candidacy for the degree of Doctor of Philosophy at Yale University. This work has been aided by a grant from the James Hudson Brown Memorial Fund of Yale University School of Medicine. India ink. At no time were the animals forced to maintain prone or static positions; animal boxes were not employed, and there was no tying down of the rabbits. Many rabbits, individually handled, were sufliciendy tamed so that they would remain quiet without sedation during the numerous injections.
An important observation is the marked difference in degree of spreading of India ink with hyaluronidase when injections are made into various areas of the flank or abdomen of individual rabbits. It has been pointed out (cf. review of Duran-Reynals2) that wide individual variations in the permeability of the skin of man and of animals are common, and in the rabbit skin regional differences are quite clear. Recently Hechter4 has stated that in the abdominal area of rabbits no statistically significant differences in spreading are observed, regardless of the site of injection. Control tests of the present studies have indicated that wide variations in the degree of spreading are obtained in different areas of the lateral and ventral skin. In these studies controls were always done in conjunction with the experimental testing, and comparable bilateral areas were invariably used.
Spreading areas on different rabbits cannot validly be compared unless account is taken of the great variability in such animals. This appears to be contrary to our findings in inbred mice raised and maintained under rigorous standardized conditions.6 7 The adrenal preparations used were Wilson's aqueous adrenal extract and Upjohn's Lipo-Adrenal Extract. The hyaluronidase was a standardized preparation (W 108-A) prepared from fresh beef testes by the method of Hahn,3 and has 1.7 times the activity of the preparation # 14 used in the studies on mice previously reported.
"Control" injections of saline and India ink and of hyaluronidase and India ink were made intradermally, using 25-gauge needles and 1 cc. tuberculin syringes. Rinsing the syringe with sterile saline just prior to the injection of any solution involving India ink permits a more accurate reading. The materials injected were sterile saline or hyaluronidase solution (1:100) mixed in equal volumes with India ink ( 1: 2 ).
When the adrenal extract was given intramuscularly or subcutaneously, and in most of the tests in which A.C.E. was given intravenously, the amount of enzyme or saline solution with India ink injected was 0.5 cc.; in a few experiments the total volume was 0.75 cc. The varying experimental conditions of the local studies will be given later.
In order to provide accurate control data, it was determined experimentally that there is a variable degree of continued spreading, both in saline-and in enzyme-treated areas, up to 24 hours. There is no further spreading after 24 hours. Control injections of saline or enzyme solution with India ink were made on one side of the shaved rabbit.
At the end of the 24-hour interval following the injection of enzyme or saline with India ink, the A.C.E. was injected subcutaneously, intramuscularly, or intravenously. Following the A.C.E. injection, a 3-hour interval, arbitrarily selected, was allowed for the effects of the injected A.C.E. to become manifest; at the end of this time interval, experimental testing was undertaken by injecting similar amounts of saline or hyaluronidase with India ink into comparable bilateral areas on the opposite side. At the end of the 24-hour test interval, the rabbits were 488 THE ADRENALS AND HYALURONIDASE ACTION killed by a sharp blow on the neck. They were immediately skinned and the skins attached to boards, care being taken to avoid undue stretching.
In the intravenous experiments, the area of spread was measured in two ways. (1) Measurements were made after 1, 3, and 24 hours, using calipers to obtain the length and width of the areas of spread, and facsimiles of the areas were drawn as accurately as possible. The sizes of these areas were then determined by the use of the planimeter, and values were recorded in square centimeters of the actual areas of spread. Following the measurement of the 24-hour area, the animals were injected into the ear vein with 2, 3, 5, or 10 cc. of Wilson's aqueous A.C.E., in different series of experiments. After the 3-hour time interval, experimental testing was done by injecting similar amounts of saline or hyaluronidase solution with India ink, as before, into comparable areas on the opposite side of the rabbit. The degree of spreading of the areas of test injection was measured as on the control side after 1, 3, and 24 hours. (2) In a few experiments the above procedure was duplicated. In addition, the rabbits were killed and skinned and tracings were made of the exact areas of India ink spreading on the under surface of the skin. These tracings were transferred, by means of carbon paper, to permanent record sheets, and planimeter measurements made.
Direct measurements of the areas of spread from the under surface of the skin were considered to be more accurate than "outside" measurements. It is questionable, however, whether interpretation of these results was improved by this technique, since the variability of all experimental observations in this type of study is great. (In some experiments there was a smaller area of spread at 24 hours than found at 3 hours when outside measurements were used.) With the possible exception of the 24-hour measurements, "outside" and "inside" measurements of India ink spread appeared to agree quite closely.
In experiments where the adrenal extract was administered intramuscularly or subcutaneously, the general procedure was the same as in the studies with the intravenously administered A.C.E., except that the Lipo-Adrenal extract or the A.C.E. was given in divided doses. The measurements here cited are all of the 24-hour areas of spreading from the under surface of the skin, since these experiments were done early in the progress of these studies, before the question of the loss of effect, as found in the intravenous administration of A.C.E., was manifest. Further experiments with these large doses were impractical.
In those instances where A.C.E. was administered intradermally, the general procedure was to inject equal volumes of sterile saline or A.C.E. into comparable bilateral sites for the control or the experimental injection. These injections were made simultaneously with the saline or the enzyme solutions, or the A.C.E. or saline was injected immediately before the injections of saline or enzyme. In studies involving the use of locally administered A.C.E., the experiments were so designed that the animals were killed following the noted time intervals of spreading, and all measurements were made from the under surface of the skin.
A further point of interest concerned the possibility of any change in area of spreading following skinning of the rabbits. Numerous observations showed that there was no change in the spreading of the inoculum after the skins had been removed and fastened to the boards. Measurements were usually made on the day after skinning. On the control side of rabbits, 0.5 or 0.75 cc. sterile saline or enzyme solution with India ink were injected intradermally. The areas of spread were measured after 1, 3, and 24 hours. After 24 hours there was found to be no further increase in spreading, hence that time interval was chosen as the end-point for spreading on the control side. The animals were then injected into the ear vein with 2, 3, 5, or 10 cc. of A.C.E., in the different series of experiments. After a 3-hour interval, testing was done by injecting 0.5 or 0.75 cc. of freshly prepared enzyme or saline solution into comparable bilateral areas. The degree of spreading in these areas of testing, after the intravenous administration of A.CE., was measured after 1, 3, and 24 hours, as for the control side. At the end of the 24-hour test interval, the animals were killed and skinned, and tracings of the exact areas of spreading were made from the under surface of the skins.
Results of experiments are summarized in Tables 1 and 2 . Figure 1 graphically illustrates some of the findings presented in Table 1 . Influence of the intradermal injection of A.C.E. on the spreading of India ink with and without hyaluronidase.
In all studies reported the procedure was to inject equal volumes of A.C.E. or saline either simultaneously with the enzyme or saline solutions, or immediately before the injection of enzyme or saline. In the following groups of experiments, the total volumes injected on the control and experimental sides of the individual rabbits were always similar. The basic volume of saline or enzyme solution with India ink injected was 0.5 cc. The amounts of saline or A.C.E. vary.
When the solutions were injected simultaneously, 0.5 cc. saline or enzyme solution with India ink and 0.25 cc. A.C.E. or sterile saline were mixed in the syringe. The total volume was 0.75 cc. The animals were killed after a 3-hour interval following intradermal injection.
In other groups of experiments where the A.C.E. or saline was injected immediately before the enzyme or saline solution,* 0.5 cc. or 1.0 cc. A.C.E. or saline was injected intradermally, followed immediately by intradermal injections of 0.5 cc. saline or enzyme solutions with India ink into the same site. The total volume was 1.0 cc. and 1.5 cc., respectively. One, 3, or 24 hours following injection of these test substances, the animals were killed and skinned, and measurements were made as described above.
The results are shown in Table 4 . Figure 2 graphically summarizes the per cent of inhibition obtained. -53 *Areas of spread were measured from direct tracings from the under surface of the skin. tIn the control injections, an equal volume of sterile saline was substituted for the A.C.E. used in the test injections. Injections of A.C.E. or saline and enzyme of saline solutions with India ink are made in the same intradermal site.
Discussion
The decrease of spreading which resulted from the intravenous administration of 2, 3, 5, or 10 cc. of A.C.E. (Table 1) urinary excretion of the administered hormone and that the loss is quite rapid. The rapid elimination of adrenal steroids offers a logical explanation for the diminished effectiveness of A.C.E. noted here.
Inhibition of the spreading effect of hyaluronidase by intravenously administered A.C.E. is again shown in Table 2 . Inasmuch as a 24-hour period had elapsed after the injection of the adrenal cortical extract, it is probable that a large part of the effect had been dissipated. It will be noted that the inhibition of the hyaluronidase-enhanced spreading by A.C.E. was consistent, but in the absence of hyaluronidase, the influence of A.C.E. was variable and of doubtful significance. It is possible that with sufficiently large doses of adrenal hormones, the spreading effect of hyaluronidase could be suppressed entirely. In order to administer large doses of hormone, it would be necessary to employ pure preparations, such as compound E, and it is unfortunate that this material was not available for these studies. It is of particular significance that, despite the inhibition of hyaluronidase by doses of A.C.E. in the range of 2 or 3 cc., to obtain maximal effects would probably require dosages exceeding those employed in these studies. Loss of effectiveness within a short time after injection, when intravenously administered hormone is employed, accounts to some extent for the large doses required.
When A.C.E. is given locally at the site of India ink injection, much smaller quantities are required for effective inhibition of spreading. This local effect was also observed in the earlier studies with mice' and is of considerable interest. When the effects of the 0.25 cc. dose of A.C.E. were investigated, the extract was mixed with the saline or enzyme solutions with India ink prior to injection. With the other dosages employed, the A.C.E. was injected immediately before the injections of enzyme or saline and into the same intradermal site. It should be noted that the pre-mixed A.C.E.-enzyme solution caused a degree of inhibition of hyaluronidase that was equal to, or greater than, that obtained when larger doses of A.C.E. were administered separately. Another point of interest is that the effectiveness of locally administered A.C.E. did not diminish with the time elapsing after injection. This is contrary to the observation with intravenously administered A.C.E. Other steroid hormones such as the androgens and estrogens are very active when applied locally at the site of their endorgan response. The 
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adrenal hormone effects that have been studied in the past have, for the most part, been concerned with end-organ responses that did not lend themselves to local studies. However, Menkin5 observed a change in the spreading of trypan blue when adrenal cortical hormones were administered locally. Verzar9 has shown changes in glycogen deposition in tissue slices with adrenal cortical hormones. However, the local effect of A.C.E. on hyaluronidase-enhanced spreading appears to be of particular prominence.
That end-organs are influenced by the steroid hormones has been well established. With the possible exception of those with insulin, all hormonal effects that have been observed require intact cellular structures and do not appear to act directly on isolated enzyme systems. The inhibition phenomenon studied here seems to require the presence of hyaluronidase and there is some doubt as to whether A.C.E. produces a definite effect on spreading of India ink in the absence of exogenous hyaluronidase. It is conceivable that the inhibition phenomenon represents the action of hormone upon the hyaluronic acid through adrenal liberation of ascorbic acid or through some relationship thereof; another approach to interpretation could be that the inhibition represents an indirect effect of hormone on enzyme through the intermediation of substances liberated by tissues affected by the hormone. It is an intriguing possibility that the inhibition of the spreading reaction represents a direct inhibition of hyaluronidase rather than an effect on a specific tissue structure, such as the ground substance. One approach to the solution of this problem, namely, the study of in vitro inhibition of hyaluronidase by adrenal cortical hormones, is under investigation. . . . , 2 , . 3 :  e , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
